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National Nuclear Data Center

• The National Nuclear Data Center (NNDC) collects, 
evaluates, and disseminates nuclear physics data for 
basic nuclear research and for applied nuclear 
technologies. The NNDC is a worldwide resource for 
nuclear data.

• Major Databases
• ENDF: Evaluated Nuclear (reaction) Data File
• EXFOR: Experimental Nuclear Reaction Data
• ENSDF: Evaluated Nuclear Structure Data File 
• XUNDL: eXperimental Unevaluated Nuclear Data List
• NSR: Nuclear Science References

• Web Services: www.nndc.bnl.gov
• Nuclear model development and research projects



Recent Re-analysis of KADoNiS Library

• KADoNiS (Karlsruhe Astrophysical Database of Nucleosynthesis in 
Stars) has been extensively used in stellar nucleosynthesis 
calculations, and its cross sections are normalized (biased) to a 
197Au(n,g) activation measurement of W. Ratynski, F. Kaeppeler, 
Phys. Rev. C 37, 595 (1988).

• The activation Maxwellian-averaged cross section (MACS) 30 keV
value of 582±9 mb disagrees with the International Evaluation of 
Neutron  Cross Section Standards value of 620±11 mb.

• The standards are extensively used in ENDF/B-VIII.0 library.
• Re-analysis of gold neutron capture cross sections by R. Reifarth et 

al. showed an impact of neutron backing material scattering; ENDF 
libraries are essentially based on the TOF-measurements and not 
affected by this issue.

• The revised 197Au(n,g) activation MACS value of 612±6 mb is 
consistent with the ENDF value, and the KADoNiS cross sections 
have been updated for 63 target nuclides from 103Rh to 197Au.

• Only corrected cross section plots are available publicly while we 
need data for GW170817 modeling.
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ENDF/B (Evaluated Nuclear Data File) Library

• In the light of the previous disclosure, it is absolutely essential to 
develop fully traceable, documented and unbiased nuclear data sets for 
stellar nucleosynthesis calculations.

• ENDF/B is a primary nuclear reaction data library for applications,    
and it is focused on target nuclei near the valley of stability. 

• The ENDF/B library was originally produced by the Cross Section 
Evaluation Working Group (CSEWG) collaboration in 1968 for nuclear 
power plant design, criticality safety, shielding, and national security 
applications.

• It gained a worldwide popularity, many nations forged their own 
evaluated nuclear data libraries using the ENDF-6 format, and its user 
community has broadened into applied and fundamental sciences since 
introduction of evaluated neutron cross sections in MCNP, and GEANT 
computer codes simulations.

• The recently released ENDF/B-VIII.0 library by the CSEWG 
collaboration  represents the state of the art in nuclear reaction data 
evaluations.
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ENDF & Slow Neutron Capture

§ ENDF neutron targets list matches well with an s-process 
path.

§ Slow neutron capture Maxwellian-averaged cross sections 
(MACS) can be expressed as

where k and T are the Boltzmann constant and  temperature          
of the system, respectively, and E is an energy of relative 
motion of the neutron with respect to the target. Here EL

n is a 
neutron energy in the laboratory system and m1 and m2 are 
masses of a neutron and target nucleus.
§ Calculation of MACS and astrophysical  reaction rates by 

Doppler broadening cross sections and numerical integration.
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ENDF Validation: s-process Modeling

• The s-process abundance of an isotope N(A) depends on its 
precursor   N(A-1) quantity as   

• This equation was analytically solved (classical model)

• Select s-process only nuclides along the process path and fit 
MACS abundance product values using least squares.

• Use fitting parameters to calculate s-process contributions     
and compare with the presently-observed product values. 

• The observed surplus is commonly attributed to an r-process 
(rapid neutron capture) contribution.
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Analysis of r-process Abundances

• M. Arnould et al., Phys. Rep. 450, 97 (2007) is based on H. 
Palme, H. Beer, Abundances of the Elements in the Solar 
System, in Landolt Bornstein, New Series, Group VI, Astron. & 
Astrophys., Vol. 3, Subvol. a, (Berlin: Springer), p. 196 (1993).

• ENDF/B-VIII.0 r-process abundances agree well with                
M. Arnould et al. except (N=82): 138Ba and 140Ce (n,g). 

• s-process overproduction in 138Ba was observed by Palme & 
Beer, its abundance was interpreted by Arnould et al. as 
0.214+0.786

-0.214 (Si=106), 140Ce (n,g) cross sections will be further 
investigated in the next release of ENDF/B library.

• ENDF library clearly contains high quality data and can be used 
in astrophysical modeling.

• Classic model precision for non-branching heavy nuclei ~3%, 
and it is reliable for heavy nuclei.



REACLIB: Astrophysical Reaction Rates

• Next, calculate ENDF/B-VIII.0 & TENDL-2015 
reaction rates for (n,g), (n,F), (n,p) and (n,a) within 
0.01-10 GK range, fit the data into REACLIB data 
format. Start testing with codes like MESA….

• KADoNiS has rates for kT=1-100 keV based on (n,g) 
kT=30 keV cross sections.

• The complementary theoretical calculations of T. 
Rauscher, F.K. Thielemann extend the range to 0.1-
10 GK (kT =8-800 keV) using the statistical model 
NON-SMOKER code derived from the SMOKER.

• S-process range of kT=8-90 keV.
• No SEF correction in rates.
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Takeaways

• GW170817 neutron star merger renewed 
interest in stellar nucleosynthesis calculations.

• r-process abundances have been calculated 
using ENDF/B-VIII.0 and TENDL-2015 
evaluated neutron cross sections and 
Lodders, Palme and Gail solar system 
abundances.

• Current work: (n,g), (n,F), (n,p) and (n,a) 
ENDF reaction rates fitting, production of 
REACLIB files and future computations with 
nuclear astrophysics codes.

• Rates are ready for public release.
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Stellar Enhancement Factors (SEF)

• SEF calculations rely on 
nuclear structure data

• Multiple calculations 
produce different results

• No experimental 
verifications

• It is better to apply then 
separately


